Background: From a cognitive perspective, attentional biases are deemed as factors responsible
Introduction
A large body of research has demonstrated that addictions are characterized by attentional biases toward addiction-related stimuli (see Field and Cox, 2008 for a review). Attentional bias can be defined as an automatic and uncontrollable tendency to allocate attention towards stimuli related to the individual's area of concern (Robinson and Berridge, 2008) . Studies that have examined the attentional biases in addictions to nicotine (Ehrman et al., 2002) , alcohol (Townshend and Duka, 2001 ), cannabis , cocaine (Copersino et al., 2004) , and gambling (Hønsi et al., 2013) have shown that addiction-related stimuli are processed more efficiently by addicted individuals, further strengthening irrational cognitions and maladaptive behaviors (Field and Cox, 2008; Field et al., 2009 ).
As proposed by Berridge's (1993, 2008 ) incentive-sensitization model, stimuli associated with reward, through a classical conditioning process (such as substance-related or gambling-related stimuli), induce sensitization in the mesocorticolimbic dopamine system in the brain. This sensitization generates craving for addiction stimuli that captures attention and determines attentional biases, contributing to the maintenance of the disorder and leading to possible relapse. In the specific case of gambling, the continuous exposure to gambling can facilitate the detection of gambling-related stimuli in the environment, which can trigger a relapse through conditioned responses. In fact, once a gambling-related stimulus is detected, it can be processed automatically, making difficult to shift attention away from it. Moreover, since the attention is a limited resource, directing attention to a specific category of stimuli prevents the possibility of other stimuli being attended to (Kastner et al., 1998 ).
In the context of addictions that do not involve the ingestion of psychoactive substances, such as gambling disorder (American Psychiatric Association, 2013), knowledge relating to attentional processes is scarce. Studies carried out have reported contrasting results, probably due to the variety of instruments and/or to small sample sizes.
The most commonly used attentional instrument is the addiction Stroop Task (Cox et al., 2006) . Using this instrument (in which people are required to read the color of the words, ignoring their semantic content), gamblers have been found to be slower to respond to gambling-related words and commit more errors compared to healthy controls (Boyer and Dickerson, 2003 ; McCusker and Gettings, 1997; Molde et al., 2010) . Diskin and Hodgin's (1999) experimental study measured the reaction times of gamblers and non-gamblers to neutral stimuli such as a light during a gambling episode. They reported that regular gamblers took longer to react to irrelevant stimuli, demonstrating that gambling experience captures the attention of regular gamblers to a greater extent than among occasional gamblers.
Other research has found that problem gamblers display more signs of error-related attentional biases to gambling stimuli and commit more errors on response inhibition task in In addition, some issues remain unanswered. Firstly, it is not clear which attentional component is involved in gambling disorder. Researchers have distinguished between two components of selective attention: orienting and maintenance (Allport, 1989; LaBerge, 1995) .
Orienting refers to the rapid and automatic shift of attention (that occurs within 200 ms), while maintenance refers to slow and continuous stimuli elaboration (that occurs within 500 ms or more) (Field and Cox, 2008; Field et al., 2009; Noel et al., 2006) . To date, the majority of the studies evaluating attentional biases have employed the addiction Stroop Task that is unanimously considered a measure of the early stages of cognitive processing (Cox et al., 2006) . Other studies (e.g., Grant and Bowling, 2015; Vizcaino et al., 2013) found no bias in attentional engagement and demonstrated that gambling frequency is associated with the maintenance of attention when using gambling-related stimuli. A recent study (Brevers et al., 2011b ) used an attentional paradigm that allows the evaluation of these two attentional components. The study found that problem gamblers (compared to controls) were faster to detect gambling-related changes and showed biases in the initial orienting of attention.
Furthermore, it is necessary to examine the nature of gambling-related attentional biases.
Recently, three types of biases have been distinguished (Cisler and Koster, 2010) :
facilitation, that is the easiness to direct attention towards valenced stimuli (in this specific case, gambling-related cues in respect to neutral ones); avoidance, namely the tendency to avoid specific cues, allocating attention away from these; and disengagement, referring to a difficulty in diverting attention from these stimuli. Using a direct measure of attention (i.e., eye-tracking technology), Brevers and colleagues (2011a) observed a facilitation to respond to gambling-related pictures and a difficulty in disengaging attention away from these, namely a prolonged maintenance on gambling stimuli, with problem gamblers directing their gaze more frequently towards gambling stimuli. Moreover, in the gambling studies literature, the role of gambling activity as a way to escape from negative emotions or mood is well known (Wood and Griffiths, 2007) . In several studies that have examined gambling motivation, one of the most reported motivations is the use of gambling as a relief from negative psychological states (Blaszczynski and McConaghy, 1989; Blaszczynski and Nower, 2002; Dickerson et al., 1996) . The refuge in gambling is not only a way to ameliorate mood states (e.g., Wood and Griffiths, 2007) but it may serve as a way to experience excitement and relieving boredom (Griffiths, 1995) .
Gambling involvement is also associated with the inability to manage emotions. For instance, Williams, Grisham, Erskine, and Cassedy (2012) reported that gamblers experience a high lack of emotional clarity and awareness and have a difficulty in adopting emotion-regulation strategies. Since the relationship between emotions and attentional bias has never been investigated, it is hypothesized that negative emotions and the inability to manage them in a healthy and functional way are likely to be associated with a tendency to allocate attention to very specific stimuli, such as gambling-related ones, and provide relief from them. Such issues have yet to be empirically addressed.
The comprehension of both the type of attentional biases and the attentional components involved in gambling disorder may help clinicians in the psychotherapeutic programs to aim their focus towards attentional modification. In light of this background, the purpose of the present study was threefold. Firstly, attentional biases in healthy controls and problem gamblers were measured, using a modified version of the Posner Task with exposure times assessing both early attentional processing and maintenance. Secondly the differentiation of three types of attentional biases was investigated. Finally, the relationships between these variables were analyzed.
Among indirect measures of biases, the choice to employ the Posner Task paradigm steams from two reasons. Firstly, through manipulation of cue presentation time, it allowed the assessment of biases at two levels: early orientation (100 ms) and maintenance of attention (500 ms). Secondly, the use of images (as opposed to words or other types of stimuli) is reported in the literature as being more suited to capturing attentional biases (Molde et al., 2010 ).
To the best of the authors' knowledge, the present study is the first to evaluate attentional processing, craving, emotional dysregulation, and emotional distress in both problem gamblers and healthy controls. It was hypothesized that there would be facilitation bias in problem gamblers but not in healthy controls. Finally, it was hypothesized that there would be positive correlations between attentional biases, craving, negative emotions, and emotional dysregulation.
Method

Participants
The sample comprised 108 male participants, with ages ranging from 21 to 63 years (M=36.80; SD=11.52). The psychological literature has consistently reported that men are more likely than women to be problem gamblers (DSM-5; American Psychiatric Association, 2013). Participants were divided into two groups based on South Oaks Gambling Screen (SOGS; Lesieur and Blume, 1987) . These were non-problem gamblers (N=54) that scored from 0 to 2, gamblers at risk (N=19) with a score equal to 3-4, and problem gamblers (N=35) that scored from 5 to 20 (the maximum being 17 in the present sample). Since no significant differences were found in attentional biases, emotional distress, emotional dysregulation, and craving between the 'gamblers at-risk' and the 'problem gamblers', they were combined into a single group ('problem gamblers') for the present study, in line with Lee The task comprised 160 trials. The position of gambling images and the position of the dot were not balanced across trials so that 80% of the trials were valid (128 trials, 64 gambling and 64 neutral), where the target appears in the same location of the image that preceded it, and 20% of the trials were invalid (32 trials, 16 gambling and 16 neutral), where the target was presented in the opposite side (Posner, 1980) . Each trial begins with a fixation point ("+") (ITI; 1 cm in height) presented for 1000 ms, followed by an image, in the left or right side of the screen for a fixed period of 100 or 500 ms, after which it was immediately substituted by a dot (target). The dot is blue and appears in the same position of the picture (valid trial) or on the opposite side (invalid trial) for 1500 ms (see Figure 1) .
Each image appears four times, as a valid and invalid trial, both for 100 and 500 ms. Participants were seated 60 cm from the monitor and levelled with the center of the screen.
They were asked to press a button on a keyboard (marked with white stickers) based on the location of the occurrence of the probe: "a" for left and "ù" for right. Participants were tested individually and instructed to respond to the probe as quickly and accurately as possible.
Both accuracy and response times (RTs) were recorded. 
Procedure
The ethics committee of the research team's university department approved the present study, and informed consent was obtained prior to enrolment. Prior to testing, participants were assured that all measures were anonymous and that they could withdraw whenever they wanted. A code number was assigned to each participant to ensure anonymity. In a quiet room and individually, participants performed the Modified version of Posner Task and then filled in the questionnaires. After the experimental session, participants were debriefed and the purpose of the experiment was revealed and all their questions were answered.
Participation in the study was voluntary and participants did not receive any reward.
Data preparation
Three types of attentional biases were calculated: facilitation, avoidance and disengagement, only for correct responses. Facilitation score was calculated from valid trials, subtracting reaction times for gambling-related stimuli from neutral stimuli. Positive facilitation scores indicate that attention is captured by gambling cues more greatly than by neutral images. 
Statistical analysis
Data were analyzed with the IBM Statistical Package for the Social Sciences, version 20.0.
The alpha significance level was set at .05. A repeated analysis of variance 2 x 2 x 2x 2 with Group (non-problem gamblers vs. problem gamblers) as between and Valence (gambling vs. neutral), Validity (valid vs. invalid), cue presentation Time (100 ms vs. 500 ms) as within factors was conducted. A mixed ANOVA 2 x 2 was run on facilitation bias scores with one between-participant factor (Group: non-problem gamblers vs. problem gamblers) and two within-participant factors (facilitation bias at 100 and 500 ms). The same mixed ANOVA was executed on Disengagement bias scores. Finally, a single-sample t-test was performed on facilitation and disengagement biases in order to assess if bias scores differed significantly from zero. Associations among measures were assessed with zero-order correlations.
Results
The percentage of incorrect trials for the entire sample was 3.36%. Due to high percentage of missing data in the Posner Task, four participants (two belonging to the NPG group and two belonging to PG group) were excluded from the analysis on attentional bias scores. Table 1 ANOVA performed on facilitation bias scores showed a main effect of Time, (F(1,102) Figure 2 ).
Positive correlations between facilitation bias at 100 ms and craving were observed. More specifically, facilitation bias at 100 ms correlated with GACS anticipation (r = .239; p = .01),
GACS relief (r = .245; p = .01) and GACS total score (r = .263; p < .01). The association between facilitation bias at 100 ms and GACS desire (r = .171; p = .08) failed to reach significance. No other correlations were found.
Discussion
The aims of the present study were to identify which attentional component and what type of bias would be involved in the attentional bias in problem gamblers (PGs) compared to nonproblem gamblers (NPGs). To answer these questions, a modified Posner Task was used (Posner, 1980) . Another issue concerned the relationship between attentional bias to gambling cues and craving, on which there is no consensus in literature. Other factors such as emotional competence and emotional distress were also examined.
The finding that PGs were faster in identifying gambling-related stimuli when presented at 100 ms, with respect to neutral stimuli, indicated that attentional bias concerned the initial orientation of attention, namely the phase in which attention is captured by external stimuli, prior to any processing of it. This is in line with previous studies ( However, it should be noted that the cue presentation time used in these studies (i.e., 500 ms or more) hampered the exploration of the early engagement of attention, allowing the attentional maintenance only.
Identifying which type of bias (facilitation, avoidance, or disengagement) was present in gambling was the secondary aim of this study. The shorter reaction time in responding to gambling stimuli by problem gamblers indicated that they exhibited a facilitation bias, namely facilitation in perceiving gambling stimuli compared to other type of stimuli. This finding is consistent with Brevers et al.'s (2011a) study in which problem gamblers were found to be faster in detecting gambling-related changes compared to neutral changes.
However, contrary to the present study, they observed an engagement of attention towards gambling stimuli: problem gamblers directed their gaze toward gambling more frequently and for a longer time. The difference in the pattern of results was probably due to the attentional bias paradigm. More specifically, Brevers and colleagues (2011a) used a direct measure (Eye Gaze Monitoring) that records eye first movements and fixations, whereas in the present study an indirect measure based on RTs was employed.
Correlational analysis revealed that facilitation in the initial orienting of attention was associated with motivational state of craving, contrary to previous studies that did not find an association between craving and attention (e.g. Brevers et al., 2011a; Wölfling et al., 2011).
This was probably due to the sample characteristics. The Brevers and colleagues' study mainly comprised problem gamblers while, in the present study, 67% of the sample met the criteria for probable pathological gambling (SOGS ≥ 5). As suggested by Young and Wohl (2009), GACS scale discriminates different levels of gambling severity, with craving scores being higher among those with a more severe gambling involvement.
The correlation between the subjective feeling of "wanting" gambling and attentional bias suggests that the readiness in identifying gambling stimuli is not only due to a conditioning process resulting from the continuous gambling experience, but also that the desire to gamble may facilitate the perception of gambling stimuli in the environment. Such findings can be explained by Berridge's (1993, 2008) theory that views craving as important in determining addictive-related seeking-behaviors, in 'grabbing' addicts' attention and in fostering relapses. However, the hypothesis that emotional distress and dysregulation would be associated with a focus on gambling stimuli among PGs was not confirmed. 
Limitations
Conclusion
The present study adds knowledge about the time course of attentional biases in gambling.
More specifically the study demonstrates that an attentional preference for gambling stimuli is present only in individuals who have developed a problematic involvement in gambling activities. The novel findings regarding the relationship between desire to gamble and preferential allocation on gambling stimuli suggest that psychotherapy should focus on motivational states in order to modify attentional biases that, if focused on gambling stimuli, could induce addiction-related seeking-behaviors and facilitate gambling. 
